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Abstract 


Introduction. Assessment of the level of urban air pollution and its impact on public health is a crucial scientific task. 
Ensuring the environmental safety of urban areas is impossible if the air quality does not meet the established standards. 
Despite well-developed methodologies for assessing the health risks of urban environments, the results of such research 
in the regional context are insufficient. Currently, almost half of the population of the Russian Federation lives in cities 
with high or very high levels of air pollution. Among these cities, Novocherkassk in the south of Russia was identified 
as one of the most polluted in the period from 2014 to 2021. This necessitates conducting scientific research to assess 
the health risks associated with atmospheric air pollution in Novocherkassk. The aim of this study was to evaluate the 
health risks posed to the population of Novocherkassk due to air pollution. 

Materials and Methods. The study used data from annual reports on the state of air pollution in cities in Russia from 
2014 to 2021, which were prepared by the Federal State Budgetary Institution “Voeikov Main Geophysical 
Observatory” !. The authors used literary methods and methods of mathematical and statistical analysis in their work. 
Results. The level of atmospheric air pollution for the period from 2017 to 2021 reached dangerous values for public 
health. Suspended solids and carbon oxide contributed most to the risk of health problems. The values of the complex 
indicator P, estimated by average annual concentrations, showed that the level of atmospheric air pollution in 
Novocherkassk was 1.68 times higher than in the largest city in the region, Rostov-on-Don. The highest level of 
atmospheric air pollution in Novocherkassk was noted within Post I, located at the intersection of highways and close 
to the impact zone of industrial enterprises. 

Discussion and Conclusion. The calculations showed that exposure to polluted atmospheric air could cause symptoms 
of chronic intoxication in 240-280 out of every thousand people. When the maximum concentrations of pollutants in 
the atmospheric air of Novocherkassk were reached, from 579 to 692 people out of a thousand residents might 
experience adverse reflex reactions. In light of the identified health risks from air pollution, it is recommended to 
increase the number of green spaces and establish two additional monitoring stations for atmospheric pollution: one in 
the city's residential area and one near the Novocherkassk GRES power plant in the Donskoy district. 


Keywords: level of atmospheric air pollution, aerogenic risks to public health, non-carcinogenic effects, carcinogenic 
health risks, intoxication, acute and chronic effects 
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AHHOTalna 

Beedenue. Oueuka ypoBHA 3arpa3HeHHA BO3yxXa FOPOCKol cpebI UM OOycIIOBIICHHOTO MM PHCKa 30POBbIO HaceyIeHHA AB- 
JACTCA AKTYAIbHOM HayyHOH 3aqayei. Kak mpeycTaBsiaeTCA, HEBO3MOXKHO OOECHeYMTb IKOMOTHYECKYIO Ge30racHOCcTb ypba- 
HU3HpOBaHHBIX 30H, €CJIM KaYeCTBO BO3yxa B HX peyewax He COOTBETCTBYeT YCTAHOBJICHHbIM CTaHyaptTamM. Hecmortps Ha 
XOPOIIO pa3paOoTaHHbI MeTOAMYeCKHH alllapaT, MO3BOJIAIOLMM ONCHUTb PHCK 3{OPOBbIO HaceJIeHHA TOPOACKOM cpezbl, 
pe3yJIbTaTOB NOJOOHBIX HCCIeOBaHH B PperHOHaJIbBHOM acrieKTe HeyocTaTouHo. B To xe BPeMA MOUTH NOJIOBHHa BCX 2KH- 
Teme Poccuiickoi Degepalun B HACTOAIee BPEMA TIpOXKUBaeT B TOpOax C BbICOKHM HM OUCH BbICOKHM YPOBHEM 3arps3He- 
Hua Bo3—yxa. Ha tore Poccuu B YMcCIO TopoyoB c HanOosee 3arpa3HeHHOM BO3TYUIHOM cpeyo B UccieqyembIli Mepuoy 
2014-2021 rr. Obi BKTOUeH rT. HopoyepKacck, YTO HU OOyCOBHIIO HEOOXOAHMOCTL MIpOBeeCHHA COOTBETCTBYIOWIMX Hay4- 
HBIX H3bICKaHUM. Lem TaHHOroO UcceqOBAHHA — OL|eCHUTb NoOKazaTesIM PUCKa 30POBbIO HaceeHHa r. HopouepKaccka, BBI- 
3BaHHOTO 3alpA3HeHHeM aTMOC(PeEpHOrO BOSsLyxa. 

Mamepuanoi u memooot. B padote Mciob30BaHbI JaHHbIe CKCTOAHMKOB O COCTOAHHH 3arpA3HeHHA ATMOC(ephI B To- 
poyjax Ha TeppuTopuu Poccun 3a 2014-2021 rr., MoqroToBIeHHBIX B DefepalIbHOM rocyapcTBeHHOM O10/>KeTHOM 
yapexyeHun «I mapHaa reod@u3snyeckad oOcepBatopua uM. A.M. Boetikopa». B aucie IpHMeHeHHEIX aBTOpaMH MeTO- 
OB JIUTepaTypHble, METOAbI MATEMATHKO-CTATHCTHYeECKOrO aHasI3a. 

Pezyiemamol ucciedoeanua. YpoBenb 3arpa3HeHHA aTMOCHepHOrO BO3zyxXa 3a Mepuor 2017-2021 rogoB yocTuran 
OMaCcHBIX JIA 300POBba HacelIeHua 3HaueHHi. HanOonbuiMii BKa B PUCK HapyUIeHHA 30POBbA BHOCAT B3BCIICHHbIC 
BelWeCcTBa HW OKCHA yruiepofa. 3HaveHHA KOMIMIeKCHOTO NoKas3atesaA P, OLCHEHHOTO 110 CpeHeErOOBbIM KOHIeCHTpalli- 
5M, 10Ka3aJIM, YTO YPOBeHb 3arpa3HeHHA aTMOcdepHoro Bo3szyxa Br. Hopoyepxaccke B 1,68 pa3a BbIe, 4eM B Kpyri- 
HelilueM ropoyze pervoHa Poctose-Ha-Jlony. HanOonsummi ypoBpeHb 3arps3HeHHa aTMocdepHoro§ Bo3zyxa 
r. Hopoyepkaccka OTMe4eH B IIpeyemax nocta II, Haxoqaujeroca Ha MepeceyeHuu aBTOMarucTpase HW MpHOMKeHHOrO 
K 30HE BO3JeHCTBUA MPOMBILMICHHbIX NpesnpuAaTui. 

O@cystcdenue u 3zakuouenue. Ipopeyenuble pacueTbI MOKa3asI, YTO BO3elCTBHe 3arpA3HeHHOTO aTMOc(epHOrO BO3yxa 
MO?KeET BbI3BATb CHMIMTOMBbI XPOHHYecKOM WHTOKcHKalMM y 240-280 yesloBeK v3 TbICTY, TPH WOCTWKeHHH MaKCHMaJIbHBIX 
KOHICHTpalluii 3arpa3HAFOMIMX BelecTB B aTMOCc(epHoM Bo3syxe Tr. HopoyepKaccka oT 579 lo 692 YemOBeK 13 THICTUM 2KUTE- 
Jleli MOryT HCIIbITaTh HeOaronpHATHble pedpeKTOpHble peakWHH. B cBa3H C BbIABJICHHBIM OMAaCHBIM JIA 310POBbA HacesIeHHA 
3arpA3HeHHeM aTMOc(epHOro BO3TyXa PeKOMeHyeTCA pacliMpeHHe MWIOWMAaM 3eICHbIX HAaCMKICHHM M Co3qaHHe JByX JOTOJI- 
HHTCJIBHBIX TOCTOB HaOJIOJCHHA 3a 3arpx3HeHHeM aTMOc(PepHOro BO3LYXa: B CeIMTeOHOH 30He Topora HM BOM3H HopoyepxKac- 
cxoii TP9SC, B Mukpopatioue «J[oHcKoID». 


Ksnouesbie CJIOBAa: YpOBCHb 3arpxA3HCHHA aTMociepHOro BO3Tyxa, adpOreHHble PHCKH 3/JIOPOBbIO HaceJICHHaA, 
HeKaHieporenHsie 3dextTEI, KaHUeporeHHble PHCKH 3OpOBblO, HHTOKCHKaWHA, OCTpoe HW XPOHHYCCKOe TevicTBue 


BuaarogqapHocrn. ABTODBI BbIpaxKaroT OaroqapHOCTB KOJWICraM, CHemWwasIuCTaM @MeyepasbHoro rocyapCTBeCHHOroO 
OroJDKeTHOTO yuapexK Tena «l 1aBHaa reodu3nuueckaat oOcepBaTopu4a um. A.V. Boetikosa» 3a Tipe OCTaBJICHHBbIe 
MaTepHaJibl JIA McculeqOBaHHl. 


Aaa uuTupospanus. Kaumos Il.B., AnazpeepaE.C. Onenka ypoBHa 3arpa3HeHHa aTMocdepHoro Bo3ayxa 
aPOreHHOLO PHCKa 30POBbIO HacelleHuaA ropowa Hopoyepxaccka. bezsonacnocmb mexnozennolx u NPUPOOHbIX cucmem. 
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Introduction. The quality of life and health of the population is related to environmental factors, particularly those 
caused by human activity. In the Russian Federation, 63.6% of the population experiences a significant impact on their 
health from various natural, environmental, and socio-hygienic factors”. 

For urbanized areas, the main factor causing such an impact is physical and chemical transformation of the lower 
atmosphere due to pollution. According to the World Health Organization (WHO), 99% of the global population lived 
in areas with high concentrations of air pollutants in 2022. Air pollution also caused premature deaths of about 7 million 
people worldwide in the same year. It is important to note that the analysis of the effects of environmental factors in 
Russia shows that about 70% of non-communicable diseases can be attributed to atmospheric air pollution [1]. 


2On the State of Sanitary and Epidemiological Welfare of the Population in the Russian Federation in 2021. State Report. URL: 
https://www.rospotrebnadzor.ru/documents/details php7ELEMENT_ ID=21796 (accessed: 20.04.2024). (In Russ.) 
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As practice shows, concentrations of pollutants that are dangerous to public health are often found in central parts of 
large cities and territories located near industrial facilities or transport routes. Therefore, the assessment of air pollution 
in these areas is still a pressing issue in the field of environmental research. A reliable way to measure air pollution is 
through the use of risk indicators that can help to determine the impact of pollution on public health. This approach 
allows for a comprehensive understanding of the scale of air pollution's impact on the population, which can 
complement the current Russian system for assessing effects of pollution on health. 

Currently, slightly less than half of the total population of the Russian Federation lives in urbanized areas with high 
and very high air pollution’. The convenient transport location and the labor potential of Novocherkassk contributed to 
the formation of a diversified industrial complex that has a significant impact on the environment and public health. In 
2021, Novocherkassk was added to the list of cities of the Russian Federation with the highest level of atmospheric air 
pollution [2]. Due to its status as a major production and logistics hub in the Rostov region, Novocherkassk is the focus 
of this study, as it has the highest level of air pollution among all cities in the region. 

Most of large industrial enterprises in Novocherkassk are located in an industrial area, away from the historical city 
center along the floodplain of the Tuzlov River. The only exception is the Novocherkassk GRES, which is located near 
the Donskoy district, which was incorporated into Novocherkassk in 2004. In the eastern wind direction, the air from 
the Novocherkassk GRES flows into the city and pollutes the air. In the western and southwestern directions, it affects 
the air in the Donskoy district. It is important to note that the self-purification coefficient of the atmosphere in this area 
is 4.39 per year. This does not contribute to the dispersal of anthropogenic pollutants [3, 4]. This is due to the high 
frequency of meteorological events that lead to the accumulation of harmful substances to dangerous levels in the 
surface air. In addition, the amount of green space in the urban area of Novocherkassk only accounts for 44% of the 
recommended amount, which is not enough to effectively purify the air. 

It seems to the authors that there has not been a comprehensive assessment of surface air pollution in urban areas 
recently. Only in 2017, three stationary monitoring stations for surface air quality began operating here, and before that, 
route observations were the only method used to monitor the air quality within the city. This study aims to assess the 
health risks posed to the population of Novocherkassk due to pollution of the upper layers of the atmosphere. 

To achieve this goal, we have carried out the following tasks: 

1. We have assessed the level of air pollution in the city. 

2. We have calculated numerical values of coefficients and indices related to non-carcinogenic effects on public 
health in acute and chronic situations. 

3. We have conducted calculations of public health risks caused by chronic intoxication and the immediate effects of 
various pollutants. 

4. We have identified the contribution of pollutants to the formation of public health indicators. 

Materials and Methods. The study was based on data from stationary air pollution monitoring posts operated by 
the Federal State Budgetary Institution “North Caucasus Department of Hydrometeorological Service”. These posts 
collected data on the concentrations of various airborne pollutants in Novocherkassk between 2017 and 2021 [5]. Three 
of these posts were operational in Novocherkassk since 2017. They were designated as Posts I, II, and III in the study. 
Post I was located in the city center, at the intersection of major highways. Post III was in the area influenced by 
industrial enterprises. Post II was also in the impact zone of industrial activity, but was located at an intersection of 
highways as well. 

Due to the insufficient number of monitoring posts for atmospheric air pollution, it was recommended to create two 
additional posts, one of which, conventionally designated as Post 1, should to be placed in a residential area on 
Petrovskaya Street, 1. To monitor atmospheric air pollution near Novocherkasskaya GRES, it was proposed to create a 
post in the Donskoy district, conventionally designated as Post 2. The existing stationary monitoring posts for 
atmospheric air pollution (designated as numbers I, II, and III) and recommended for monitoring the city's air quality 
(designated as numbers | and 2) are shown in Figure 1. 

In order to achieve the goal of the study, we calculated the multiplicity of the average annual and maximum single 
concentrations of airborne pollutants analyzed, which corresponded to the maximum allowable hygienic standards. We 
also calculated the level of outdoor air pollution using indicator P’. 

Calculation of indicator P was carried out according to formula: 


Poly x7, () 


where, K — multiplicity of exceeding the MPC of substances of various hazard classes reduced to the third class. 


3On the State and Environmental Protection of the Russian Federation in 2021. State Report. URL: 
https://www.mnr.gov.ru/docs/gosudarstvennye_doklady/gosudarstvennyy doklad_o sostoyanii_i_ob_okhrane_okruzhayushchey_sredy_rossiyskoy f 
ederatsii_v_2021 /?ysclid=lwoteqy14b32 1565566 (accessed: 19.04.2024). (In Russ.) 

4 Guidelines for Assessing the Risk to Public Health from Exposure to Chemicals that Pollute the Environment. R2.1.10.192-04. URL: 
https://docs.cntd.ru/document/1200037399 (accessed: 28.03.2024). (In Russ.) 
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NOHCKORi wg! 
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Fig. 1. Monitoring posts for atmospheric air pollution in the city of Novocherkassk5 


The choice of non-carcinogenic effects as risk indicators was determined by the list of harmful substances of non- 
carcinogenic action®, the concentrations of which were monitored at stationary monitoring posts for atmospheric air 
pollution in Novocherkassk. 

The method of calculating coefficients and indices of non-carcinogenic effects in chronic and acute exposure was 
used as the main method of risk assessment [6, 7]. As an additional procedure, the risks of chronic intoxication and 
immediate action were determined?, 

Results. Increased emissions from motor vehicles and industrial enterprises led to dangerous air pollution in 
Novocherkassk. Thus, from 2017 to 2021, the average annual concentrations of suspended solids, nitrogen dioxides, 
carbon oxides, formaldehyde were exceeded, which have both carcinogenic and non-carcinogenic effects on public 
health. At the same time, the greatest multiplicities of exceeding the average daily MPC over the studied period of time 
were revealed for average annual concentrations of suspended solids (from 1.8 to 6 MPC), formaldehyde (from 0.7 to 
2.7 MPC), nitrogen dioxides (from 0.4 to 2.2 MPC), carbon oxides (from 0.63 to 2.17 MPC). 

It is important to note that the greatest multiplicities of exceeding of the maximum single MPC were also detected in 
the case of suspended solids and carbon monoxide, amounting to 2.0—-13.2 MPC and 1.25—10.0 MPC, respectively. The 
excess of MPC of formaldehyde in the surface air of the city reached 1.44—3.74, nitrogen dioxide — 0.45—1.85. The 
average annual and maximum single concentrations of sulfur dioxide and nitrogen oxides during the studied time 
interval, as shown by the conducted studies, did not exceed the values of the corresponding MPC. 

Based on the average annual concentrations of the substances assessed, we calculated the values of complex 
parameter P, which ranged from 4.0 to 5.0 over the specified period. This allowed us to conclude that there was a 
dangerous level of surface air pollution. 

Calculations of parameter P, based on the maximum single concentration of the substances studied in this work, 
revealed a worrying level of contamination of the surface layer, since the values of parameter P were 22.0-28.5. 


5 Ecological Bulletin of the Don.URL: _https://xn--dlahaoghbejbc5k.xn--p1ai/about/projects/all/19/?ysclid=lwotyc7mh7723274679 (accessed: 
28.03.2024). (In Russ.) 

®R2.1.10.192-04. Guidelines for Assessing the Risk to Public Health from Exposure to Chemicals that Pollute the Environment. Electronic fund of 
legal and regulatory documents. URL: https://docs.cntd.ru/document/1200037399 (accessed: 28.03.2024). (In Russ.) 

7 Cancer. World Health Organization (April 21, 2024). URL: https://www.who.int/health-topics/cancer#tab=tab_1 (accessed: 28.03.2024). 
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Within the limits of Post II, the highest values of parameter P were identified, estimated by the average annual and 
maximum single concentrations of pollutants considered in this study. As shown by the analysis of values of risk 
indices of chronic exposure calculated in the work, depending on the location of the observation post, their values 
varied from 33.5 to 37.1. The range of values of the acute exposure index was 15.9-22.6. 

According to medical statistics, the respiratory system was the most vulnerable to acute and chronic health effects. 
The proportion of respiratory disorders ranged from 38.22% to 42.37%. The contribution of the above-mentioned 
threats and failures in the human respiratory system to the overall level of the acute exposure index reached maximum 
values — from 45.47 to 49.81%. Therefore, it was obvious that the increased level of pollution of the surface air layer 
posed a greater risk of acute exposure, which was consistent with both theoretical models and practical observations. 

The value of the total risk of chronic intoxication varied depending on the location of the observation post — from 
0.24 to 0.28. The risk level of chronic intoxication, as calculations showed, was mainly formed due to concentrations of 
suspended solids, the contribution of which caused a wide range of values (from 35.27 to 47.81%) depending on the 
location of the observation post of the atmospheric environmental monitoring network. Significant values of maximum 
risk for individual impurities led to high levels of the total risk from pollutants identified in the studied composition 

It is interesting to note that within observation Posts I and II located near highways, the value of the total risk of 
immediate action was significantly influenced by the maximum risk level in terms of suspended matter concentrations, 
reaching values of 0.58 and 0.69, respectively. 

Near Post III, high concentrations of carbon monoxide, causing a significant level of maximum risk, led to an 
increase in the total risk values to 0.58. 

The air pollution analysis results in Novocherkassk were compared to data from the monitoring of surface air 
pollution in Rostov-on-Don of the same range of pollutants for the period from 2017 to 2021. 

The assessment of air pollution levels in Rostov-on-Don was based on the analysis of data collected from three air 
pollution monitoring stations located in different parts of the city by the Federal State Budgetary Institution “North 
Caucasian Department of Hydrometeorological Service” (Posts 51, 52, 55), which had the most representative spectrum 
of substances taken into account [8]. 

Thus, Post 51 was located in the central part of Rostov-on-Don, at the intersection of highways with heavy traffic; 
Post 52 was close to the location of industrial enterprises; Post 55 was located in the residential area of the city. 

Table | presents the results of the comparative assessment of the levels of air pollution in urbanized and industrial 
territories of Novocherkassk and Rostov-on-Don for 2017—2021. Indicators illustrating the level of air pollution turned 
out to be more than 1.5 times higher in Novocherkassk than in Rostov-on-Don. 

In Rostov-on-Don, the contribution of suspended solids to the immediate health risk was 24% higher than in 
Novocherkassk. However, in Novocherkassk, the contribution of carbon oxide concentration to this type of risk was 
2.5 times more significant than in Rostov-on-Don [9]. 


bl 
Assessment of atmospheric air pollution levels in Novocherkassk and Rostov-on-Don _ 
Indicator Novocherkassk Rostov-on-Don 
P parameter for average annual concentrations 4.42 2.63 
P parameter for maximum concentrations 24.59 23.52 
Hazard index for chronic exposure 35.70 24.34 
Hazard index for acute exposure 19.47 20.94 
Risk of chronic intoxication 0.25 0.18 
Risk of immediate action 0.61 0.53 


The results of the assessment of contributions of various airborne pollutants to the risk of immediate action are 
presented in Figures 2 and 3. 
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Nitrogen dioxide 


2.25% Formaldehyde 1.09% 


Carbon oxide 42.08% 


Suspended solids 
54.57% 


Fig. 2. Contribution of pollutants to the risk of immediate health effects for the population of Novocherkassk 
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Fig. 3. Contribution of pollutants to the risk of immediate health effects for the population of Rostov-on-Don 


Meanwhile, there were no significant differences between these two cities in terms of the contribution of pollutants 
to the risk of chronic intoxication. 

Discussion and Conclusion. The calculations and analysis of the findings in this study reveal that the level of 
surface air pollution in Novocherkassk, which is harmful to public health, is caused not only by the significant 
emissions from industrial plants and vehicles but also by a combination of such natural and human-made factors as 
insufficient rainfall against the backdrop of frequent meteorological conditions that facilitate the accumulation of 
human-made pollutants in the surface layer, with a decrease in the proportion of green spaces, including urban forests 
and park areas [10]. 

Among the most significant results of the study are the following: 

1. The state of the surface air layer within Novocherkassk is unfavorable, since the established pollution levels 
exceed permissible sanitary and hygienic standards. The highest danger to the health of the city's population is posed by 
suspended solids and carbon oxides in the surface layer. 


Bezonacnocmb mexnozennoix u npupodnoix cucmem. 2024;8(3):49-56. eISSN 2541-9129 


2. The analysis of the results of calculations of indicator P within Novocherkassk allowed us to establish a 
dangerous level of air pollution. At the same time, the accumulation of pollutants in the atmosphere of Rostov-on-Don 
was assessed as causing concern. 

3. Exposure to polluted air can lead to symptoms of chronic poisoning in 240 to 280 out of every thousand people. 
When maximum concentrations of pollutants are reached, 579 to 692 residents may experience adverse reactions. 

4. The most significant concern is the pollution of air space in Novocherkassk, particularly within the boundaries of 
Post II, which is located at the junction of highways and near the impact zone of industrial enterprises. 

5. Due to the dangerous level of atmospheric air pollution, it is recommended to expand the area of green spaces and 
create two additional monitoring posts for atmospheric pollution: in the residential area of the city and near 
Novocherkassk GRES, in the Donskoy district. 
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3aneiennoli 6knad asmopos: 

II.B. Kammos: o6cyxxqeHve OCHOBHOM KOHIIeIIIM WM MOUYYeHHBIX pe3yIbTaTOB, JOpaooTkKa TeKcTa, BbIBOOB. 

E.C. Angpeesa: dbopmMupoBaHve OCHOBHOM KOHI[eMIMH, ein WU 3aadu UCceqOBaHHA, MpoBeyeHHe pacueToR, 
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